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Description 

Technical field 

5 [0001 ] The present invention relates to a gene participating in transport of uric acid and analogs thereof or exchange 
transport of uric acid and the other anion, and a polypeptide encoded by the gene. 

Background Art 

10 [0002] In human race and primates, uric acid which is an organic acid is a final metabolite in purine metabolism in 
cells, and is excreted mainly from the kidney. In species other than the human race and the primates, it is metabolized 
to allantoin by an action of uricase in liver, and is excreted from the kidney. Therefore, for the other mammals, it seems 
that effects of dynamic abnormality of uric acid which is an Intermediate product in the kidney on living body are small. 
Losing the action of uricase in the evolution process seems to be a cause of the fact that the human race has suffered 

is from gout due to hyperuricemia since ancient times. 

[0003] In humans, when is caused the decrease of uric acid excretion in the kidney causes hyperuricemia, the gout 
develops at high percentage, which bec6mes a risk factor for cardiovascular diseases and hypertension. On the other 
hand, it has been known that the increase of uric acid excretion in the kidney causes renal hypouricemia. Although 
abnormality of uric acid kinetics is not obvious in these diseases, it has been supposed that urate transporters in the 

20 kidney are deeply involved. 

[0004] The uric acid kinetics in the kidney has been studied by experimental systems using a removed organ per- 
fusion method and an isolated cell membrane vesicle system. In humans, it has been demonstrated that uric acid freely 
passes through renal glomerulus and thereafter mechanisms for reabsorption and secretion exist in proximal convo- 
luted tubule. However, by the conventional technique, it has been difficult that urate transport system via cell membrane 

25 is analyzed in detail, and it has been desired that the transporter per se is isolated and analyzed. 

[0005] It has been known that there is a remarkable difference among species in the urate transport in the kidney, 
and there exist the species where secretion is dominant such as swine and rabbit and the species where the reab- 
sorption is dominant such as human, rat and dog. The swine of the species with secretion dominance excretes from 
200 to 300% of uric acid per unit nephron, whereas a human of the species with uric acid reabsorption dominance 

30 excretes only about 1 0% of uric acid per unit nephron. Also, it has been known that responses to uricosuric accelerators 
and uricosuric inhibitors are different even among the species with reabsorption dominance. Accordingly, since the 
kinetics of uric acid and the responses to drugs in the kidney are different depending on the species, and uric acid ic 
reciprocally transported, it has not been easy to isolate a molecular entity of the urate transporter though its existence 
has been assumed. 

35 [0006] Among the urate transporters in the kidney, the transporters which reabsorb uric acid from renal tubular lumen 
have been studied for long time by the experimental system using the isolated cell membrane vesicle system. For the 
drugs currently used for the patients with hyperuricemia and gout, it is assumed that the transporter which reabsorbs 
uric acid in the kidney is inhibited. Also, it is forecasted that renal hypouricemia is caused due to gene aberration of 
this transporter. 

40 [0007] Recently, it has been demonstrated thatthe transporters involved in the reabsorption of uric acid are exchange 
transporters of uric acid and various anions in several experiments. For pyrazinamide used as the first-line drug of 
antituberculous drugs at present, it has been shown that pyrazine carboxylate which is the metabolite of pyrazinamide 
is an exchange substrate of this exchange transporter and facilitates the reabsorption of uric acid. That is thought to 
be the cause of hyperuricemia frequently observed in the patients administered the antituberculous drug. 

45 [0008] Accordingly, the transporter involved in the reabsorption of uric acid in the kidney is thought to play an important 
role for internal kinetics of uric acid. It has been anticipated that elucidation of its molecular entity leads to elucidate a 
mechanism of action of uricosuric accelerators and a cause of renal hypouricemia, and development of new gout 
curative medicines. 

[0009] We have previously isolated and reported organic anion transporters, OAT1 (organic anion transporter) (Sek- 
50 ine, T. et al., J. Biol. Chem., 272:18526-18529, 1997), OAT2 (Sekine.T. etal., FEBS Letter, 429:179-182, 1998), OAT3 
(Kusuhara, H. et al., J. Biol. Chem., 274:13675-13680, 1999), and OAT4 (Cha, S. H. et al., J. Biol. Chem., 275: 
4507-451 2, 2000) which play central roles in medicament transport in the kidney, liver, brain, placenta and so on. These 
transporters belonging to OAT family are the transporters capable of transporting many organic anions with different 
chemical structures, and also perform the transport of various anionic medicaments. 
55 [0010] It was not obvious whether the urate transporter belongs to the known transporter family, but since uric acid 
is a dibasic acid having both pyrimidine structure and imidazole structure and is one of the organic anions, the possibility 
that the urate transporter phylogenetically belonges to OAT family was anticipated. In OAT family, since OAT4 exists 
at the side of renal tubular lumen in the kidney and the existence of the transporter involved in the reabsorption of uric 
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acid is also assumed at the side of renal tubular lumen, it has been also anticipated that the transporter is phylogenet- 
ically similar to OAT4. 

[0011] From these facts, we have anticipated that the urate transporter in the kidney belongs to the organic ion 
transporter family. 

5 

Disclosure of the Invention 

[0012] An object of the present invention is to identify and provide a novel urate transporter gene participating in the 
urate transport in the kidney and a urate transporter which is a polypeptide encoded by the above gene. Other objects 
10 will be apparent from the following description. 

Brief Description of the Drawings 

[0013] 

15 

Figure 1 shows the results of analyzing the expression of URAT1 gene messenger RNA in various organ tissues 
of human adult and embryo by Northern blotting. 

Figure 2 shows the result of time dependency in uric acid uptake experiments by oocytes injected with cRNA of 
URAT1 gene. 

20 Figure 3 shows the resutt of concentration dependency in uric acid uptake experiments by oocytes injected with 

cRNA of URAT1 gene. 

Figure 4 shows the result of examining the effects of added salts in uric acid uptake experiments by oocytes injected 
with cRNA of URAf 1 gene. 

Figure 5 shows the result of pH dependency in uric acid uptake experiments by oocytes injected with cRNA of 
25 URAT1 gene. 

Figure 6 shows the result of preincubation with various organic acids in uric acid uptake experiments by oocytes 
injected with cRNA of URAT1 gene. 

Figure 7 shows the result of examining the effect of previously injected unlabeled lactic acid (100 m.M, 10 nl) in 
uric acid uptake experiments by oocytes injected with cRNA of URAT1 gene. 
30 Figure 8 shows the result of examining the effects of addition of various organic acids or analog compounds thereof 

to the system in uric acid uptake experiments by oocytes injected with cRNA of URAT1 gene. 
Figure 9 shows the result of examining the effects of probenecid addition at various concentrations to the system 
in uric acid uptake experiments by oocytes injected with cRNA of URAT1 gene. 

Figure 1 0 shows the result of examining the effects of losartan addition at various concentrations to the system in 
35 uric acid uptake experiments by oocytes injected with cRNA of URAT1 gene. 

Figure 11 shows exon-intron structure of URAT1 gene in human genome. 

Best Mode for Carrying Out the Invention 

40 [001 4] As described above, the present inventors isolated four organic anion transporters, OTA1 , OTA2, OTA3 and 
OTA4. They have about 40% homology of ammo acid sequences each other. On the basis of these sequences, dis- 
closed information of human genome project was searched, and multiple novel gene fragments having homology to 
OAT1 , 2, 3 and 4 were Identified. Among them, one novel gene fragment extremely closed to a gene locus position of 
OAT4 was analyzed, and a site supposed to be an initiation codon was identified. A primer specific for 5' upstream of 

45 this initiation codon was made, and isolation of this novel gene was attempted by 3'- RACE (3-rapld amplification of 
cDNA ends) method using messenger RNA derived from various tissues of humans. As a result, a novel clone (URAT1) 
which had been never reported was identified by the 3'-RACE method using human kidney messenger RNA. 
[0015] The urate transporter! , URAT1 of the present invention has an ability to transport uric acid and its analogs 
via cell membrane from one side to the other side and further is a urate/anion exchanger by making the anion at the 

so other side of the cell membrane an exchange substrate. 

[0016] The protein of the present invention includes, for example, those having the amino acid sequence in which 
one or several amino acids are deleted, substituted or added in the amino acid sequence represented by SEQ ID NO: 
1 , in addition to one having the amino acid sequence represented by SEQ ID NO:1 . The amino acids could be deleted, 
substituted or added to the extent where urate transport activity is not lost, and typically from 1 to about 110 and 

55 preferably from 1 to about 55. Such proteins typically have up to 75% and preferably up to 90% homologous amino 
acid sequences to the amino acid sequence represented by SEQ ID NO:1 . 

[0017] In the present invention, the isolation of the gene by the 3*-RACE method can be carried out typically by 
making a primer of about 30 bases specific for guanine- or cytosine-rich gene at the 5' upstream of the initiation codon, 
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performing reverse transcription of tissue-derived messenger RNA using an oiigo dT primer with an adapter sequence, 
and subsequently performing PCR (polymerase chain reaction) using the adapter sequence and the gene-specific 
primer. It is possible to further enhance accuracy of the PCR by the use of heat resistant polymerase with higherf idelity. 
[0018] The urate transporter gene of the present invention can be isolated and yielded by screening cDNA library 

5 prepared using renal tissues or cells in an appropriate mammal as a gene source. The mammals include human in 
addition to non-human animals such as dog, cattle, horse, goat, sheep, monkey, swine, rabbit, rat and mouse. 
[0019] The screening and isolation of the gene can be suitably carried out by homology screening and PCR method. 
[0020] For the resultant cDNA, it is possible to determine the base sequence by the conventional method, analyze 
the translation region and determine the amino acid sequence of the protein encoded by this, I.e., URAT1 . 

10 [0021 ] It can be verified, for example, by the following method that the obtained gene is cDNA of the urate transporter 
gene, i.e., a gene product encoded by the cDNA is the urate transporter. The ability to transport (uptake) uric acid into 
cells can be confirmed by introducing cRNA (complementary RNA) prepared from the obtained URAT1 cDNA into 
oocyte to express, and measuring the uptake of a substrate into the cells by the conventional uptake experiment using 
uric acid as the substrate (Sekine, T. et aL, Biochem. Biophis. Res. Commun., 251 :586-591 , 1 998). 

15 [0022] Also, transport property and substrate specificity of URAT1 can be examined by applying the similar uptake 
experiment to expressing ceils. 

[0023] Further, the property of URAT1 , for example, the property that URAT1 performs the transport with time de- 
pendency, substrate selectivity and pH dependency of URAT1 can be examined by applying the similar uptake exper- 
iment to the expressing cells. 

20 [0024] Homologous genes and chromosomal genes derived from the different tissues or different organisms can be 
isolated by screening appropriate cDNA libraries or genomic DNA libraries made from the different gene sources using 
cDNA of the obtained URAT1 gene. 

[0025] Also, the gene can be isolated from the cDNA library by the conventional PCR method using synthetic primers 
designed on the basis of the information of the disclosed base sequence of the gene of the present invention (the base 

25 sequence represented by SEQ ID NO:1 or a part thereof). 

[0026] The DNA libraries such as cDNA library and genomic DNA library can be prepared by the methods described 
in, for example, °Sambrook, J., Fritsh E. F., and Maniatis, T, "Molecular Cloning" (published by Cold Spring Harbor 
Laboratory Press in 1 989)". Or when there is a commercially available library, it may be used. 
[0027] To obtain the structure of URAT1 gene on human genome, the genomic DNA library is screened using the 

30 obtained URAT1 gene cDNA, and the obtained clones are analyzed. Or the structure may be searched on the basis 
of the disclosed information of the human genome analysis results using a homology search program. 
[0028] l he urate transporter (URATi) of the piesent invention can be produced by gcr.c recombination technology 
using cDNA which encodes the urate transporter. For example, it is possible to incorporate DNA (cDNA, etc.) which 
encodes the urate transporter in an appropriate expression vector and introduce the resultant recombinant DNA into 

35 appropriate host cells. Expression systems (host vector system) for producing the polypeptide include the expression 
systems of bacteria, yeast, insect cells and mammalian cells. Among these, to obtain the functional protein, it is de- 
sirable to use the insect cells and the mammalian cells. 

[0029] For example, when the polypeptide is expressed in the mammalian cells, an expression vector is constructed 
by inserting DNA which encodes the urate transporter in the downstream of an appropriate promoter (e.g., SV40 pro- 

40 moter, LTR promoter, elongation 1a promoter and the like) in an appropriate expression vector (e.g., retroviral vector, 
papilloma virus vector, vaccinia virus vector, SV40 type vector and the like). Next, the target polypeptide is produced 
by transforming appropriate animal cells with the obtained expression vector and culturing transformants in an appro- 
priate medium. The mammalian cells as the hosts include cell lines such as monkey COS-7 cells, Chinese hamster 
CHO cells, human HeLa cells and primary culture ceils derived from renal tissues, LLC-PK1 cells derived from swine 

45 kidney, OK cells derived from opossum kidney, and proximal convoluted tubule S1 , S2 and S3 cells derived from mouse. 
[0030] As the cDNA which encodes the urate transporter URAT1, it is possible to use the cDNA having the base 
sequence shown in the sequence 1 , and further it is possible to design DNA corresponding to the amino acid sequence 
and use the DNA which encodes the polypeptide without being limited to the above cDNA. In this case, 1 to 6 codons 
which encodes one amino acid are known, and the codon used may be optionally selected, but it is possible to design 

so the sequence with high expression by considering use frequency of codons in the host utilized for the expression. The 
DNA with the designed sequence can be acquired by chemical synthesis of DNA, fragmentation and bind of the above 
cDNA, partial modification of the base sequence and the like. The artificial partial modification and mutagenesis can 
be carried out by site specific mutagenesis methods (Mark, D. F. et aL, Proc. Natl. Acad. Sci. USA, 18:5662-5666, 
1984) utilizing primers including synthetic oligonucleotides which encode the desired modification. 

55 [0031] The nucleotides (oligonucleotides or polynucleotides) which hybridize with the urate transporter gene of the 
present invention under a stringent condition can be used as probes to detect the urate transporter gene, and further 
can be used, for example, as antisense oligonucleotides, ribozymes and decoys to modulate the expression of the 
urate transporter. As such nucleotides, it is possible to use, for example, the nucleotides typically comprising the partial 
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sequence of consecutive 14 or more bases or the complementary sequence thereof in the base sequence represented 
by SEQ ID NO:1 . In order to make the hybridization more specific, as the partial sequence, the longer sequence, e.g., 
the sequence of 20 or more bases or 30 or more bases may be used. 

[0032] Also, using the urate transporter of the present invention or the polypeptide having immunological equivalence 
thereto, it is possible to acquire antibodies thereof, and the antibodies can be utilized for the detection and the purifi- 
cation of the urate transporter. The antibody can be produced by using the urate transporter of the invention, a fragment 
thereof, or a synthetic peptide having the partial sequence thereof and the like as an antigen. The polyclonal antibody 
can be produced by the conventional method in which the antigen is inoculated to the host animal (e.g., rat or rabbit) 
and immunized serum is collected, and the monoclonal antibody can be produced by the conventional technology such 
as a hybridoma method. 

[0033] Furthermore, the present invention provides a screening method of a substance having uricosuric accelerating 
action. The protein of the invention works for transporting uric acid into the cells and is deeply involved in the reab- 
sorption of uric acid. Also, as is shown in Figures 6, 8, 9 and 10, it is possible to quantify the accelerating or inhibiting 
action for uric acid uptake of the screening substance in the system where the protein of the invention is expressed, 
by adding uric acid to the system, further adding the screening substance thereto, and comparing a uric acid uptake 
amount with that in the case with no addition of the screening substance. As is shown in Figures 6 and 8, the substances 
clinically used as uricosuric accelerators have remarkably inhibited the uptake of uric acid in the above experimental 
system, and thus, it is shown that it become possible to screen the uricosuric accelerating action of the screening 
substance in this system. As the cells used in this screening system, the cells are not limited to oocytes used in the 
following experiments, and it is possible to use various living cells as long as the cells can express the protein of the 
invention. 

[0034] Therefore, the present Invention provides the method for screening substances having uricosuric regulating 
action using the protein of the invention. As the uricosuric regulating actions, there are the uricosuric accelerating 
action and the uricosuric inhibiting action, and those having the uricosuric accelerating action are preferable for the 
treatment/prevention of hyperuricemia and gout. Thus, the preferable uricosuric regulating action includes the urico- 
suric accelerating action. Moreover, the present invention provides uricosuric regulators screened by the above screen- 
ing method. The preferable uric acid regulator includes a uricosuric accelerators. The uricosuric regulator screened 
by the method of the invention can regulate the uptake of uric acid by the urate transporter involved in the urate transport 
in the kidney, and therefore can be used as an active ingredient of the medicines for the treatment/prevention of various 
diseases associated with the reabsorption of uric acid such as hyperuricemia and gout. 

[0035] It is possible to make the obtained active ingredient a pharmaceutical composition using a pharmacologically 
acceptable carrier. 

Examples 

[0036] The present invention is described in more detail by examples below, but these examples do not limit the 
invention. 

[0037] In the following examples, unless otherwise specified, respective manipulations were carried out by the meth- 
ods described in "Sambrook, J., Fritsch E: R, and Maniatis, T, "Molecular Cloning" (published by Cold Spring Harbor 
Laboratory Press in 1 989) M or when using commercially available kits, they were used according to the instructions of 
the commercially available articles. 

Example 1 : Isolation of kidney-specific urate transporter (URAT1) cDNA and analysis thereof 

[0038] On the basis of the base sequence information of OAT1, OAT2, OAT3 and OAT4 already isolated by the 
present inventors, the disclosed analysis results of the human genome project were searched using the homology 
search program. As a result, multiple novel gene fragments having homology to OAT1 , OAT2, OAT3 and OAT4 were 
obtained. Among them, one of the novel gene fragments extremely close to the locus position of OAT4 was analyzed, 
and the site thought to be the initiation codon was identified in it. This initiation codon was identified by comparing the 
novel gene fragments with gene sequences of OAT1 and OAT4. 

[0039] A primer specific for the 5' upstream region of the predicted initiation codon was made using 28 bases, and 
the isolation of this novel gene was attempted by 3'-RACE (3'-rapid amplification of cDNA ends) method using mes- 
senger RNA derived from various tissues of human. As a result, a monoclone (URAT1) was obtained by the 3'-RACE 
method using human kidney messenger RNA. A single band obtained by PCR method was subcloned in pCRII-TOPO 
vector using TA cloning method, and further subcloned in pcDNA 3.1 (+) vector which was the expression vector. As a 
result, a novel cDNA (DRAT1 cDNA) which has urate transport activity was obtained (for analysis of transport function, 
see the followings.). 

[0040] Determination of the base sequence of the c DNA (URAT1 cDNA) obtained by the above was carried out 
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using specific primers by an automatic sequencer (manufactured by Applied Biosystems) (described in SEQ ID NO:1). 
[0041] The expression of URAT1 gene was analyzed in various tissues of human (Northern blotting) (Figure 1 ). Full 
length URAT1 cDNA was labeled with 32 P-dCTP, and using this as a probe, hybridization was carried out using filters 
(manufactured by Clontech) blotting RNA extracted from various human tissues. The hybridization was carried out 
5 overnight in a hybridization solution comprising the labeled full length URAT1 cDNA, and the filters were washed with 
O.lxSSC comprising 0.1% SDS at 65°C. As a result of Northern blotting, an intensive band was detected in the renal 
tissue. In human embryonic tissues, the band was detected in the kidney. 

Example 2: Analysis of urate transporter functions 

10 

[0042] From plasmid comprising URAT1 cDNA, cRNA (RNA complementary to cDNA) was prepared in vitro using 
T7 RNA polymerase (see Sekine, T, et al., J, Biol. Chem., 272:18526-18529, 1997). 

[0043] The resultant cRN A was injected in oocytes of platanna, and uptake experiments of the radiolabeled uric acid 
in these oocytes were carried out according to the method already reported (Sekine, T, et al., J. Biol. Chem., 272: 

15 1 8526-1 8529, 1 997). As a result, it was found that the oocytes in which URAT1 was expressed showed uptake of p 4 ^ 
uric acid as shown In Figure 2. The oocytes in which URAT1 was expressed showed time dependency in the uptake 
of [ 14 C] uric acid. This indicated that not only URAT1 was bound to uric acid but also was the transporter to transport 
It into the cells. No uptake of p 4 ^ PAH (para-amino hippuric acid) and [ 14 C] TEA (tetraethylammonium) which are a 
representative substrate of the organic ion transporter family was observed (not shown). 

20 [0044] Michaelis-Menten dynamic experiment in urate transport by URAT1 was carried out Concentration depend- 
ency of uric acid in the transport by URAT1 was studied by examining change of uptake amounts of uric acid at various 
concentrations by URAT1 . The uptake experiment of the radiolabeled uric acid was carried out using oocytes injected 
with URAT1 cRNA according to the method described above. As a result (Figure 3), Km value (Michaelis constant 
number) of the uric acid uptake was approximately 372 ± 25 |iM. 

25 [0045] The effect of various electrolytes on the urate transport by URAT1 was studied (Figure 4). When extracellular 
sodium was replaced with lithium, choline and N-methyl-D-glucamine (NMDG), the urate transport via URAT1 was not 
changed. It was demonstrated that URAT1 was the extracellular sodium-independent urate transporter. When extra- 
cellular potassium ions were completely replaced with sodium (0-K+ in Figure 4) and sodium was completely replaced 
with the potassium ions (96 mM KCI), the urate transport was not also changed, which was demonstrated thai URATi 

30 was cell membrane potential-independent. When extracellular chloride ions were replaced with gluconic acid, the up- 
take of uric acid was significantly increased. From the experimental system using the isolated cell membrane vesicle 
system, irie pieseuce of the exchanger for uric acid and chloride was shewn at the side of rena! tubular lumen In human 
kidney. Thus, this experimental result suggests that chloride might be the exchange substrate of uric acid. 
[0046] The pH dependency in the urate transport by URAT1 was studied. As shown in Figure 5, when the extracellular 

35 pH was acidified, the urate transport in the oocyte injected with URAT1 cRNA was increased, but this seems to be 
caused by non-specific absorption of uric acid in the oocytes injected with water (control). The substantial urate transport 
(U RATI -control) was not changed depending on pH. 

Example 3: Study on exchange substrate of uric acid in the urate transporter 

40 

[0047] From the experimental system using the isolated cell membrane vesicle system, it has been suggested that 
monocarboxylic acids such as lactic acid and nicotinic acid can be the exchange substrate of uric acid in the uric acid/ 
anion exchanger in the human kidney. In order to study the exchange substrate of uric acid in URAT1 , the oocytes 
were preincubated with these monocarboxylic acids (1 mM), para-amino hippuric acid and ketoglutaric acid, and sub- 

45 sequently the transport of uric acid was measured (Figure 6). When the oocytes were preincubated with 1 mM of pyra- 
zine carboxylic acid and nicotinic acid (3-pyridine carboxylic acid), the uptake of uric acid was significantly increased 
in the oocytes injected with URAT1 cRNA. On the other hand, when the oocytes were preincubated with para-amino 
hippuric acid and ketoglutaric acid which were not monocarboxylic acids, the uptake of uric acid was not facilitated. 
The above results indicate that monocarboxylic acids such as pyrazine carboxylic acid and nicotinic acid are the ex- 

50 change substrate of uric acid. 

[0048] In Figure 6, when the oocytes were preincubated with lactic acid which was monocarboxylic acid, the uptake 
of uric acid was not facilitated. It was thought to be occurred because the incorporated lactic acid was transported 
outside of the cells via a pathway other than URAT1 due to abundant expression of endogenous lactate transporters 
in the oocytes. Also, it was anticipated that low affinity of lactic acid to URAT1 as shown below was also one of the 

55 causes. Therefore, 100 nl of 100 mM non-radiolabeled L-lactic acid was precedently injected in the oocytes, and then 
the uptake of the radiolabeled uric acid was observed (Figure 7). When lactic acid was precedently injected, the sig- 
nificantly high uptake of uric acid was observed compared to the case where water was Injected. Even when para- 
amino hippuric acid and ketoglutaric acid were injected, no change was observed compared to the case where water 
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10 



was injected (not shown). 

[0049] From the results in Figures 6 and 7, URAT1 is the exchanger of uric acid and monocarboxylic acid. Pyrazi- 
namide which is an antituberculous drug is metabolized to become pyrazine carboxylic acid, which is then excreted 
into urine, whereas it is said to facilitate the reabsorption of uric acid. The above result shows that as a result of the 
exchange of uric acid and pyrazine carboxylic acid in URAT1 , the uptake of uric acid is facilitated. Accordingly the 
mechanism to cause hyperuricemia has been demonstrated which is a side effect of pyrazinamide which is the antitu- 
berculous drug. 

Example 4: Screening of inhibitory substance for urate transporter 



[0050] In order to further study substrate selectivity of URAT1 , in the uptake experiment system of [1*C] uric acid by 
the oocytes injected with URAT1 cRNA, various substances were added to the system and their effects were examined 
(inhibitory experiments). The uptake experiment of [ 14 C] uric acid was carried out using the oocytes injected with URAT1 
cRNA according to the method described above (Figures 8, 9 and 1 0). The uptake of 50 u.M [ 14 C] uric acid was measured 

15 under the condition at pH 7.4 in the presence and absence of various compounds (unlabeled) at the concentrations 
shown in Figure 8. As a result, various monocarboxylic acids (L-Iactic acid, D-lactic acid, nicotinic acid, pyrazine car- 
boxylic acid) significantly inhibited the transport of p4C] uric acid by URAT1 (Figure 8). Ketoglutaric acid which was 
dicarboxylic acid and could be the exchange substrate of OAT1 did not inhibit under the condition at pH 7.4. Pyrazine 
dicarboxylic acid which had a similar structure to pyrazine carboxylic acid showed slightly weak inhibitory effect. Anionic 

20 and cationic substances such as para-amino hippuric acid and tetraethylammonium did not show any inhibitory action 
(Figure 8). 

[0051] Medicines used for the treatment of hyperuricemia, such as probenecid, benz-bromarone, sulfinpyrazon and 
phenylbutazone, significantly inhibited the uptake of uric acid in URAT1. Losartan which is a drug for the treatment of 
hypertension and has been known to have the uricosuric accelerating action, significantly inhibited the uptake of uric 
25 acid by URAT1 as well as its metabolite, EXP-31 74. From the above results, URAT1 is an action site of representative 
uricosuric accelerators clinically used at present. 

[0052] The inhibitory effects on the uptake action of uric acid via URAT1 were examined using probenecid and losa- 
rtan at various concentrations (Figures 9 and 1 0). Their IC50 values were approximately 50 u.M and 20 u.M, respectively. 

30 Example 5: Structural analysis of URAT1 gene 

[0053] The structure of URATi gene in the human ywiiGme was analyzed. The disclosed information cf the human 
genome analysis results was searched using the homology search program, and the exon-intron structure of the URAT1 
gene was demonstrated. As shown in Figure 1 1 , the URAT1 gene was consisted of 1 0 exons and the initiation codon 
35 existed in the first exon. 

Industrial Applicability 

[0054] The kidney-specific urate transporter which selectively transports uric acid of the present invention and its 
40 gene enable to study in vitro the transport of uric acid and its analogs at the site where the transporter is expressed 
and forecast internal kinetics of the compounds based on the study. Uric acid is the factor deeply involved in hyperu- 
ricemia and gout, and it appears that the invention of the transporter will contribute the elucidation of pathogenesis of 
hyperuricemia and gout in future. The transporter has the action to reabsorb uric acid in the kidney, and it appears that 
the transporter will contribute the elucidation of causative gene of renal hypouricemia where reabsorption mechanism 
45 of uric acid is lost. Additionally, the elucidation of novel compounds inhibiting the function of the transporter and control 
factors modulating the expression can contribute the development of new therapeutic methods for hyperuricemia and 
gout. 
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SEQUENCE LISTING .' 

^J10>- ENDOU, "Hitoshi ■ 

<I'20> kidnial specific urate, transporter and gene threo.f 
<130> JA921603 • • ' • 

<150> JP 2001-290291 '•"'•'V'".' 
<151> 2001-09-21 ' 

<160> 2 ' ' • - 

<i 70> Faieatlu Ver.. 2. 1 • ' «: 

<210> 1 . .... , " 

<211> 2642 
<212> DNA 

. <213>' Homo sapiens . 

<220> •• • 

<221> CDS 

<222> (148) . . (1809) ". • 

..<>•"• ' 
<400> 1 - ' • ' ' 

gccccgagtc tgtgaagc.ct agccgctggg clggagaagc cactgtgggc accaccgtgg 60 
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gggaaacagg cccgttgccc tggcctcllt gccctgggcc agcct t tgtg* aagtgggccc 1 20 

.ctcttclggg ccccttgagt aggtt.cc atg gca ttt tct gaa etc ctg gac etc 174 

... Met Ala Phe Ser Glu Leu Leu. Asp Leu 
1. . 5 

gig ggt ggc ctg ggc agg t tc cag git. etc cag acg. atg get clg alg 222 
. Yal Gly Gly Leu Gly Arg Phe Gin Val Leu Gin Thr Met' Ala Leu Met 
10 * * .15 20 m .25 

gtc tec ate atg tgg ctg tgt acc cag age alg clg gag'aac, ttc t.cg 270 
Val Ser lie Met Trp Leu Cys Thr Gin Ser Met Leu Glu Asn Phe Ser 

.30. 35 • .40 . . 

gec gec gtg ccc age cac cgc tgc tgg gca cccctc ctg gac aac age 318 
Ala Ala Val .Pro Ser His Arg Cys .Trp Ala- Pro Leu Leu. Asp Asn Ser 
45 ' 50 ■ - .55 

acg get cag. gee age ate eta ggg age ttg agt cct gag gee etc ctg 366 
Thr Ala Gin Ala Ser lie LeuGIy Ser. Leu Ser Pro Glu Ala Leu Leu 
.60 65 70 

get at I tec atc ccg ccg ggc ccc aac cag agg cqe'eat cag tgc cgc 414 
Ala lie Ser. lie Pro Pro Gly Pro Asd Gin Arg Pro His Gin Cys Arg 
75 80 . 85 

cgc ttc cgc cag cca cag tgg cag etc ttg gac ccc aat gec acg gec 462 
Arg Phe Arg Gin Pro Gin Trp Gin Leu Leu Asp Pro Asn' Ala Thr Ala 
90 .95 100 105 
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acc age tgg age gag gec gac acg gag ccg tgt gtg gal ggc tgg gtc. 
Thr Ser- Trp Ser Glu.Ala Asp Thr Glu Pro .Cys Val Asp Gly Trp Yal. 

HO 115 120 



510 



10 



15 



tat gac cgc age ate tic acc tec aca ate gtg gee aag tgg aacctc 
Tyr Asp Arg Ser lie Phe Thr. Ser Thr lie Val Ala iys Trp Asn Leu 
1 25 130 135 



558 



20 



25 



30 



gtg tgt gac let cac get ctg aag ccc atg gee cag tec* ale tac ctg 606 

Val Cys- Asp Ser His Ala Leu Lys Pro Met Ala' Gin Ser lie Tyr .Leu 
140 145 150 

get ggg ait ctg gtg gga get get gcg tgc ggc cct gec tea gac agg 654 

Ala Gly lie Leu Val Gly Ala Ala Ala Cys Gly Pro Ala Ser Asp Arg 
155 160 . 165 



35 



40 



45 



ttt. ggg. cgc agg ctg gtg eta acc tgg age tac clt .cag atg get' gtg 702 
Phe Gly Arg Arg Leu Yal Leu Thr Trp Ser Tyr Leu Gin Met Ala Yal - 
170 175 180 . 185 

atg ggt acg gca gel gec tie gec cct gec ttc ccc .gtg tac tgc ctg 750 
Met Gly Thr Ala Ala Ala Phe Ala Pro Ala Phe Pro. Val Tyr Cys Leu 

•190 195 200 • 



tt.c cgc ttc ctg ttg gee tit gee gig gca ggc gtc atg atg aac acg 
Phe Ar.g Phe Leu Leu Ala Phe Ala Val Ala Gly Val Mel Met" Asn Thr- 
205 ' 210 215 
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ggc act clc ctg atg gag tgg acg gcg gca egg gec cga ccc ttg gtg 846 
Gly Thr Leu Leu' Met GIu Trp Thr Ala Ala Arg Ala Arg Pro Leu Val 
220 225 " 230 

10 atg acc ttg aac tct/ctg ggc ttc age tie ggc. cat ggc ctgacagct. 894 

Mel Thr Leu Asn Ser Leu Gly Phe Ser Phe Gly His Gly Leu Thr Ala 
'235 . 240 245 



15 



20 



gca gtg gec tac ggt gtg egg gac tgg aca ctg ctg cag ctg gtg gtc 942 
Ala Yal Ala Tyr Gly Yal Arg Asp Trp Thr Leu. Leu Gin Leu Val Val 
250 . 255 260 * . 265 . 



25 teg gtc ccct'tc tic etc tgc ttt ttg tac tec tgg tgg ctg gca gag 990 

Ser Yal Pro Phe Phe Leu Cys Phe Leu Tyr Ser Trp Trp" Leu Ala Glu 
270 275 ■ Z80 



30 



35 



leg gca cga tgg etc etc acc aca-ggc agg ctg gat tgg ggc 'ctg cag 1 038 
Ser Ala Arg Trp Leu Leu Thr Thr Gly Arg Leu Asp Trp Gly Leu Gin 
285 290 . 295 



40 gag ctg tgg agg. gtg get gec alc aac gga aag ggg gca gtg cag gac. 1086 

Glu Leu Trp Arg Val Ala Ala lie Asn Gly Lys Gly Ala Yal Gin Asp 

' 300 305' 310. 

45 • . 

acc ctg acc cct gag gtc ttg ctt tea gee atg egg gag gag ctg age 1134 

Thr Leu Thr Pro Glu Val Leu Leu Ser Ala Met Arg Glu Glu Leu Ser 

50 

. 315 320 325 

55 atg ggc cag cct cct gee age ctg ggc acc ctg clc cgc atg ccc gga 1182 
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Met Gly Gin. Pro Pro Ala Ser Leu Gly Thr Leu Leu Arg Met Pro Gly 

330 335 .340 " 345 

ctg cgc itc egg acc tgt ale tec acg. tig lgc tgg ttc gec ttt ggc 1230 

Leu Arg Phe Arg Thr Cys He Ser Thr Leu Cys Trp Phe Ala Phe Gly 

350 .355 360 

ttc acc ttc ttc ggc ctg gec ctg gac ctg cag gec ctg ggc age aac 1278 

Phe Thr Phe Phe Gly Leu Ala Leu Asp Leu Gin Ala Leu Gly Ser Asn 
365- 370 ' 375 



ate ttc ctg etc caa'atg ttc att ggt gtc gtg- gac atccca gec aag- 1326 
25 .He Phe Leu Leu Gin Met Phe lie Gly- Yal Yal Asp lie Pro Ala Lys . 

380 385 390 



atg ggc gee ctg. ctg ctg ctg age cac ctg ggc cgc .cgc ccc acg ctg 1374 
Met Gly Ala Leu Leu Leu Leu Ser His Leu Gly Arg Arg Pro Thr Leu 
395 ' 400 405 * 

gec gca tec ctg t tg- ctg gcg ggg .etc tgc at t ctg gec aac acg ctg 1422 
Ala Ala Ser Leu Leu Leu Ala Gly Leu Cys lie Leu Ala Asn Thr Leu 
410 . '415 420 # 425 

gtg ccc cac gaa atg ggg gel ctg cgc tea gec ttg gec* gtg ctg ggg 1470 
Yal Pro His Glu Met Gly Ala Leu Arg Ser Ala Leu Ala Yal Leu Gly 
430 435 * 440 

ctg ggc ggg gtg ggg get gee ttc acc. tgc ate acc ate tac age age • .1518 
Leu Gly Gly Yal Gly Ala Ala Phe Thr Cys lie Thr. lie Tyr Ser Ser 
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445 \ /* 450 • v . ; 455 • 

gag etc 1 1 c ccc act. gtg etc agg .a tg .acg gca glg-ggc ttg ggc cag; ' 15.66 
.GIu Leu Phe Pro ThrVal Leu Arg Met Thr Ala Val Gly Leu Gly Gin 
. 460- . * 465 . 470 



15 atg gca gec egl gga gga gee ate ctg ggg. cct ctg gtc egg ctg ctg • 1614 
Met. Ala Ala Arg Gly Gly Ala He Leu Gly Pro Leu Yaf Arg Leu Leu 
475 . 480 485. 



ggt .gtc cat ggc ccc tgg'ctg ccc ttg ctg gtg 'tat ggg. acg' gtg cca 1662 
Gly Val His Gly Pro Trp Leu Pro Leu Leu Val Tyr Gly Thr Val Pro 
'490 495 500 505 

gtg ctg agt ggc ctg gec gca ctg ct t ctg ccc gag acc cag age ttg* .1710 
. Val Leu Ser Gly Leu Ala Ala Leu Leu Leu Pro Glu.Thr Gin Ser Leu 
• 510.' % ' ' • 515 • 520 

ccg ctg ccc gac acc ate caa gat gtg cag aac cag gca gta aag'aag 1758 
•Pro Leu Pro Asp Thr 1 1 e. Gin Asp Val Gin Asn Gin Ala Yal Lys Lys 
'525 ... • 530. . .535 " 

gca- aca cat ggc acg ctg ggg aac tct gtc' eta aaa tcc. aca cag ttt 1806 
Ala Thr His Gly. Thr Leu Gly' Asn .Ser Val Leu Lys Ser Thr Gin Phe ' 
540 545 * 550* . 

lag .cc tcctgagg aacc.tgcg'at gggaeggtea gaggaagaga cttcltctgt 1 859. 
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tcUtggaga aggcaggagg' aaagcaaaga .'ectccat t tc cagaggc.cca gaggctgccc 1919 
(ctgaggtcc ccactciccc ccagggcl.gc ccctccaggt gagccctgcc ccictcacag 1979 
tccaaggggc ccccttcaat actgaagggg aaaaggacag tttgattggc aggaggtgac 2039 
ccagtgcacc atcaccctg.c cctgccclcg tggct Icgga. gagcagaggg gtcaggccca 2099 
ggggaacgag ctggccttgc caaccctclg cttgactccg cactgccact tgtcccccca 2159 
ca ( cccgtcca cclgcccaga gctcagagct aaccaccalc catgg(caag acctctccta 2219 
gciccacaca agcagtagag tctcagctcc acagctttac ccagaagccc tgtaagcctg 2279' 
gcccclggcc cctccccalg tccclccagg cctcagccac ctgcccgcca calcctclgc 2339 . 
ctgctgtccc cttcccaccc tcatccctga ccgactccac t taaccccca aacccagccc 2399 
cccttccagg ggtccagggc cagcctgaga tgcccgtgaa actQCta'ccc acagttacag 2459 
ccacaagcct gccicctccc accctgccag cc t a tgagi t cccagagggt tggggcaglc 2519 
ccatgacccc atgtcccagc t ccccacaca gcgclgggcc agagaggcai . iggtgcgagg 25-79- 
gatigaataa agaaacaaat gaaaaaaaaa aaaaaaaaaa aaaaaaaaaa' aaaaaaaaaa 2639 
aaa • ' 2642 
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<210> 2 

<21l> 553 

<212> PRT 

<213> Homo sapiens 

<400> 2 * . 

■Met Ala Phe Ser Glu Leu Leu Asp Leu Yal'GlyGly Leu Gly Arg Phe. 

1 8 . '. 10 " J 5 

Gin Val Leu. Gin Thr Mel Ala Leu Met .Val Ser lie Met Trp Leu Cys 

20 25 30 • 

Thr Gin Ser Met Leu Glu. Asn Phe Ser Ala Ala Yal Pro Ser His Arg 

35 40 45 

Cys Trp Ala Pro Leu Leu Asp Asn Ser Thr Ala Gin Ala Ser lie Leu 

50 -55 60 ■ . 

Giy Ser Leu Ser Pro GLu Aia Leu Leu. Aid lie Ser lie Fro Pro Giy 
65 70.. 7.5- ' * .80 

Pro Asn Gin Arg. Pro His Gin Cys Arg Arg Phe Arg Gin Pro Gin Trp 

. 85 . 90 ■ 95 

Gin Leu Leu Asp Pro'Asn Ala Thr, Ala Thr Ser Trp Ser GIuAia Asp 

100 105 no 

Thr Glu Pro Cys Yal Asp Gly Trp Val Tyr Asp Arg Ser He Phe Tbr 

,.115 120 ' 125 

Ser Thr He Val Ala Lys Trp Asn Leu. Yal Cys Asp Ser His Ala Leu 

130 135 140 

Lys Pro Met Ala Gin Ser He Tyr Leu Ala Gly He Leu Yal Gly Ala 
145 150 155* 160 

Ala -Ala Cys Gly Pro Ala Ser Asp Arg Phe Gly Arg Arg Leu Val. Leu 

165 170 175 

Tbr Trp Ser Tyr Leu' Gin Met Ala Yal Met Gly thr Ala Ala Ala Phe 
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180 185 190 

Ala. Pro Ala Phe Pro Yal Tyr Cys Leu. Phe Arg Pbe'Leu Leu Ala Phe 

195 200 205 

Aia Yal Ala Gly Val Met Met Asn Thr Gly Thr .Leu Leu Met' Glu Trp 

210 215 220 

Thr Ala Ala Arg Ala Arg Pro Leu Yal Met Thr Leu Asn Ser Leu Gly 
225. - 230 235 ' * 240 

Phe Ser Phe Gly His Gly Leu Thr Ala Ala Val Ala Tyr Gly Yal Arg 

245 .250 255 

Asp Trp Thr Leu Leu Gin Leu Val Val Ser Val Pro Phe Phe Leu Cys 

260 • • 265 270 

Phe Leu Tyr Ser Trp Trp Leu Ala Glu Ser Ala Arg Trp Leu Leu Thr 

. 275 .280 285 

Thr Gly Arg. Leu Asp. Trp Gly -Leu Gin Glu Leu Trp Arg .Val Ala Ala 

290 295 * 300 

He Asn Gly Lys Gly Ala Yal Gin Asp Thr Leu Thr Pro Glu Val Leu 
305 3 i 0 3 i 5 320 

Leu Ser Aia' Met Arg Glu. Glu .Leu Ser Met Gly .Gin ProPro Ala Ser 

325 330 335 

Leu Gly Thr Leu Leu Arg Met Pro Gly Leu Arg Phe. Arg Thr Cys lie 

340 ' ■ 345 350 

Ser. Thr Leu Cys Trp Phe Ala Phe Gly Phe Thr Phe Phe Gly Leu Ala 

355' 360 365 . 

Leu Asp Leu Gin Ala Leu . Gly Ser Asn lie .Phe Leu- Leu .Gin Mel Phe 

•370 : 375 380 

He Gly Yal Yal Asp lie Pro Ala Lys Met Gly Ala Leu Leu Leu Leu 
385 * 390 395 400 

Ser His Leu Gly. Arg Arg Pro Thr Leu Ala Ala* Ser Leu Leu Leu Ala 
405 410 415 
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Gly Leu Cys fie Leu Ala Asn Thr Leu 'Val Pro His Glu Met Gly Ala 

420. 425 . 430 

Leu Arg Ser Ala Leu Ala Yal Leu Gly Leu Gly Gly Yal Gly Ala Ala 

4.35 * 440 . 445 

Phe Thr Cys He Thr lie Tyr Ser Ser Glu Leu Phe Pro Thr Val Leu 

450 455'. 460 

Arg Met Thr Ala Yal Gly leu Gly Gin Met Ala. Ala Arg Gly Gly Ala 
465 470 475 480 

lie Leu Gly Pro Leu Val Arg Leu Leu Gly Val. His Giy Pro Trp Leu * 

485 490 495 

Pro Leu Leu Val Tyr Gly Thr Val. Pro Yal Leu Ser Gly Leu Ala Ala 

: 500 505 . .510 

Leu Leu Leu Pro Glu Thr Gin Ser Leu Pro Leu Pro Asp Thr He Gin 

51 5 520 525 

Asp Val Gin Asri Gin Ala Val Lys Lys Ala Thr His Gly Thr Leu Gly 

• 530 535 540 

Asn Ser Val Leu Lys Ser Thr Gin Phe 
545 ' 550. 



Claims 

1 . A protein comprising the amino acid sequence represented by SEQ ID NO:1 or an amino acid sequence derived 
therefrom by deletion, substitution or addition of one to several amino acids and being capable of transporting uric 
acid and its analogs. 

2. The protein according to claim 1 which is derived from human. 

3. The protein according to claim 1 or 2 which is derived from organs, tissues or cultured ceils. 

4. A gene encoding the protein according to claim 1 . 

5. DNA comprising the base sequence represented by SEQ ID NO:1 or DNA hybridizing with the DNA under a strin- 
gent condition and encoding a protein being capable of transporting uric acid and its analogs or exchanging uric 
acid and the other anion. 

6. The gene according to claim 5, which is derived from human. 
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7. The gene according to claim 5 or 6, which is derived from organs, tissues or cultured cells. 

8. The gene according to any of claims 4 to 7 or a plasmid comprising a gene encoding a protein of the gene. 
5 9. The plasmid according to claim 8, wherein the plasmid is an expression plasmid. 

10. Host cells transformed with the plasmid according to claim 8 or 9. 

11. Nucleotides comprising a partial sequence of consecutive 14 bases or more in the base sequence represented 
10 by SEQ ID NO:1 or a complementary sequence thereof. 

12. The nucleotides according to claim 11 , used as a probe to detect the gene encoding the protein being capable of 
transporting uric acid and its analogs or exchanging uric acid and other anion. 

15 13. The nucleotides according to claim 11 , used to modulate the expression of the gene encoding the protein being 
capable of transporting uric acid and its analogs or exchanging uric acid and other anion. 

14. An antibody against the protein according to any of claims 1 to 3. 

20 15. A method for detecting an action of a subject substance as a substrate for an ability to transport uric acid of the 
protein and its analogs or exchange uric acid and other anion using the protein according to any of claims 1 to 3. 

16. A method for screening substances having a uricosuric regulating action using the protein according to any of 
claims 1 to 3. 

25 

17. A uricosuric regulating agent capable of being screened by the method according to claim 16. 

18. A method for changing kinetics of uric acid and its analogs transported by the protein in the kidney, by modulating 
an ability to transport uric acid of the protein and its analogs or exchange the uric acid and other anion, using the 

30 protein according to any of claims 1 to 3, a specific antibody thereof, a function accelerating substance thereof or 

a function inhibiting substance thereof. 

19. A method for changing effects of uric acid and its analogs transported by the protein on kinetics in the kidney, by 
modulating an ability to transport uric acid of the protein and its analogs or exchange the uric acid and other anion, 

35 using the protein according to any of claims 1 to 3, a specific antibody thereof, a function accelerating substance 

thereof or a function inhibiting substance thereof. 

20. A method for changing effects of uric acid and its analogs transported by the protein on total blood concentrations, 
by modulating an ability to transport uric acid of the protein and its analogs or exchange the uric acid and other 

40 anions, using the protein according to any of claims 1 to 3, a specific antibody thereof, a function accelerating 

substance thereof or a function inhibiting substance thereof. 

21. A method for detecting and changing effects of uric acid and its analogs transported by the protein on kinetics in 
the kidney, by excessively expressing the protein in the certain cells or by modulating an ability to transport uric 

45 acid of the protein existing in the cells and its analogs, using the protein according to any of claims 1 to 3, a specific 

antibody thereof, a function accelerating substance thereof or a function inhibiting substance thereof, and cDNA 
(complementary DNA) encoding the same. 
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FIG. 5 
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FIG . 7 
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FIG . 8 
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FIG .9 
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FIG. 11 
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Thus, this claim is described in an extremely unclear manner. 

3. Claims Nos.: 

because they axe dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 
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This International Searching Authority found multiple inventions in this international application, as follows: 



1. p"*| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3 . | | As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos« 



4. Q No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest 
[ | No protest accompanied the payment of additional search fees. 
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